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CaMKII Actomyosin Interactions in Live Cells
Shahid M. Khan1, Ianina Conte2, Tom Carter2, Justin E. Molloy2.
1Molecular Biology Consortium, Berkeley, CA, USA, 2Physical
Biochemistry. MRC National Institute for Medical Research, London, United
Kingdom.
Synaptic stimulation leads to expansion of the dendritic spine caused by rear-
rangement of the actin cytoskeleton triggered by phosphorylation of the calcium
calmodulin dependent kinase (CaMKII) and by myosin II activity. To study
CaMKII-actomyosin interactions we have visualized single GFP-tagged CaM-
KII holoenzymes bound to tagRFP-tagged cortical actin in human endothelial
cells by total internal reflection fluorescencemicroscopy. CaMKII phosphoryla-
tionmutants were used to examinewhether release of CaMKII sequestered actin
andmyosin II inducedF-actin fragmentation can explain the timing and extent of
spine expansion. Thus far, we have found (i) Single GFP-CaMKII holoenzymes
were resolved; in contrast to the less intense and rapidlymobile single GFPmol-
ecules. (ii) The holoenzymes have unimodal intensity distributions with< 30%
standard deviation. The constitutively-active CaMKII T286D mutant, the sole
exception, gave bimodal distributions with the higher mode six times as intense
as the lower one. Subunit stoichiometries were determined by comparison
against immobilized GFP single molecule intensities. (iii) CaMKII dwell-time
distributions on stress fibers and filopodial structures were characterized. Disso-
ciation rates were also measured by evanescent irradiation of photo-activatable
GFP-CaMKII constructs bound to cortical actin (iv) The green / red fluorescence
ratio of the actin structures relative to background gave an equilibrium measure
of CaMKII binding. Affinity differences for different CaMKII isoforms and
different phosphorylation states were estimated from the fluorescence ratios.
In addition, single particle tracking was used to measure transient binding to
the actin cytoskeleton. (v) We are currently measuring spatial co-operativity
in the F-actin CaMKII binding sites and extending the methodology to analyse
CaMKII diffusion along dendrites and spines in hippocampal neuron cultures.
Our single molecule imaging data reveal spatial and macromolecular heteroge-
neities that may underlie aspects of the signal transduction response and cyto-
skeletal dynamics that are important for synaptic plasticity.
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Mechanical Stress-Driven Changes in the Dynamics of Cytoskeletal
Proteins
Vasudha Srivastava, Shantel Angstadt, Douglas N. Robinson.
Johns Hopkins University, Baltimore, MD, USA.
Physical forces drive cell shape across diverse processes such as cytokinesis,
cell migration and tissue invasion. The actin cytoskeleton provides the frame-
work for regulating cell shape in response to mechanical stress. In the social
amoeba Dictyostelium discoideum, a myosin II-based mechanosensory system
controls cellular contractility and cell shape. The IQGAP proteins bind to the
actin crosslinker, cortexillin I, and regulate myosin accumulation under stress.
To determine how these proteins interact to regulate contractility, we studied
the protein dynamics using fluorescence recovery after photobleaching
(FRAP). We observe mechanical stress-dependent reduction in the mobility
and network release of these proteins from the cytoskeleton. These altered dy-
namics could reflect a new mechanism for the accumulation of the mechano-
sensory proteins under stress by local rearrangement of the actin
cytoskeleton microstructure. Additionally, IQGAP2 regulates the dynamics
of cortexillin I under stress, indicating a functional relevance for the biochem-
ical interaction between these proteins. These studies will help determine how
cell shape is regulated various mechanical contexts, which will be valuable for
understanding processes such as metastasis and tissue remodeling.
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Differential Contributions of Nonmuscle Myosin II Isoforms and Func-
tional Domains to Stress Fiber Mechanics
Ching-Wei Chang, Sanjay Kumar.
University of California, Berkeley, Berkeley, CA, USA.
While is widely acknowledged that nonmuscle myosin II (NMMII) enables
stress fibers (SFs) to generate traction forces against the extracellular matrix,
virtually nothing is known about its isoform- and domain-specific contributions
to SF mechanics. Here we combine biophotonic and genetic approaches to
address these open questions. First, we use isoform-specific shRNAs to suppress
expression of NMMIIA and NMMIIB in human glioma cells and apply femto-
second laser ablation to investigate the viscoelastic retraction of individual
SFs. SF retraction dynamics associated with NMMIIA and NMMIIB suppres-
sion qualitatively phenocopy our earlier measurements in the setting of Rho ki-
nase (ROCK) and myosin light-chain kinase (MLCK) inhibition, respectively
(Tanner et al., Biophys J 2010). We also use quantitative fluorescence imaging
and photobleaching recovery to show that GFP-taggedNMMIIA and IIB prefer-
entially and more stably localize to ROCK- and MLCK-controlled central andperipheral SFs, respectively. To dissect domain-specific contributions of
NMMIIA to SF mechanics, we perform domain-mapping studies in which we
rescueNMMIIA-suppressed cellswithNMMIIAmutantswith knownmechano-
chemical defects. Surprisingly, deletion of the head domain speeds SF retraction,
which we ascribe to reduced drag from actomyosin crosslinking. Based on these
results we propose a model in which NMMIIA and IIB respectively act through
ROCK and MLCK to regulate the viscoelastic properties of central and periph-
eral SFs. Our work offers novel insight into the role of NMMII head-mediated
crosslinking on stress fiber retraction dynamics.
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Effects of Polymerization and Nucleotide Identity on the Conformational
Dynamics of the Bacterial Actin Homolog MreB
Alexandre Colavin, Jen Hsin, Kerwyn Casey Huang.
Stanford University, Mountain View, CA, USA.
The assembly of cytoskeletal proteins underpins many cellular processes, from
growth and division in single cells to muscle contraction in animals. In eukary-
otes, dynamic actin networks maintain cell shape and drive motility, and the
bulk properties of the actin network are regulated through the conformational
changes of individual subunits. In bacteria, the actin structural homolog
MreB forms filaments colocalized with the cell-wall synthesis machinery to
regulate rod-shaped growth and contribute to cellular stiffness through un-
known mechanisms. Like actin, MreB polymerizes in the presence of ATP,
and polymerization promotes nucleotide hydrolysis. However, it is unclear if
other similarities exist between MreB and actin since the two proteins share
low sequence identity and have differentiated cellular roles. Here, we use all-
atom molecular dynamics simulations to reveal surprising parallels between
the structural dynamics of MreB and actin. We observe that MreB exhibits
actin-like polymerization-dependent structural changes, wherein polymeriza-
tion induces flattening of the MreB subunits, which restructures the
nucleotide-binding pocket to favor hydrolysis. The MreB filament bending is
nucleotide-dependent, with hydrolyzed polymers favoring a straighter confor-
mation. We used steered simulations to demonstrate a coupling between inter-
subunit bending and the degree of flattening of each subunit, suggesting
cooperative bending along a filament. Taken together, our results provide
molecular-scale insight into the diversity of structural states of MreB and the
relationships among polymerization, hydrolysis, and filament properties, which
may be applicable to other members of the broad actin family.
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Spatio-Temporal Regulation of Membrane Recruitment of Rac1 GTPase
during Cellular Polarization
Sulagna Das, Jingqiao Zhang, Taofei Yin, Yi Wu, Ji Yu.
CCAM, University of Connecticut Health Center, Farmington, CT, USA.
Cell polarization is one of the most critical and intriguing phenomena in biolog-
ical systems, observed during directed cell migration, establishment of axis,
axon specification etc. Rho family of GTPases including Rac1, cdc42 and
RhoA are key players in the establishment and maintenance of polarization.
Of these, polarized Rac1 signaling is ubiquitous in various cell types and is asso-
ciated with cytoskeletal changes leading to a polarized cell shape/morphology.
Besides cycling between a GTP-bound and a GDP-bound state, Rac1 also un-
dergoes a membrane targeting cycle. The precise steps of activation and/or
membrane-trafficking of Rac1 are still the subject of a lot of speculations. We
employed total internal reflection fluorescence (TIRF) microscopy and single
molecule trackingmethods to quantify the recruitment kinetics of Rac1GTPases
from cytosol to plasmamembrane.We observed that the rate of recruitment, kon,
is spatially and temporally regulated in adherent cells in a polarized pattern under
different inductive conditions. Moreover, regions of high Rac1 recruitment
correlated well with actin polymerization, as indicated by the generation of
active protrusions. Combining FRET and single molecule imaging, we found
that the high recruitment regions are associated with higher Rac1 activity.
Furthermore, Hidden Markov analysis of Rac1 diffusion on plasma membrane
suggested that Rac1 exist in free and GEF-bound state, and that the regulation
of Rac1 recruitment is GEF independent. Our results indicate that the spatial
and temporal regulation of membrane kon rates for Rac1 GTPase contributes
significantly in establishing and/or maintaining cellular polarization.
858-Pos Board B613
Protein Kinase C - Its Role in Protrusion Regulation
Carol A. Heckman1, Jessie Weber1, Jason M. Urban2, Marilyn L. Cayer1,
Nancy S. Boudreau1.
1Biological Sciences, Bowling Green State University, Bowling Green, OH,
USA, 2Regulatory Compliance and Risk Management, FDA, Silver Spring,
MD, USA.
The PKCs comprise 12 isoforms, and their substrate-specificity is regulated in
part by binding to receptors for C kinases (RACKs). Certain isoforms are
170a Sunday, February 16, 2014activated by phorbol 12-myristate 13-acetate (PMA), which also affects shape
and adhesion. Different cell types express different subsets of isoforms. In
tracheal epithelial cells, the activation of beta and epsilon isoforms by PMA
was followed by their degradation. We sought to determine whether such
activation-degradation patterns affected protrusion formation or turnover. Cells
were treated by transcriptional knockdown (KD) and the prevalence of each pro-
trusion class was analyzed by computerized morphometry. Latent factors for fi-
lopodia (#4) and nascent neurites (#7) were calculated based on geometric
variables determined for known populations. At zero time, factor #7was elevated
by alphaKD. Control samples, intowhich a randomKDsequence had been intro-
duced, showed an increase in neurites throughout the PMA exposure. During the
time course, all KD samples differed from controls at one or more times. Epsilon
KD followed by PMA drastically downregulated the isoform by 15 h and
decreased #7 values relative to control. Alpha KD was similar suggesting that
the early KD effect (increasing #7) was reversed later on. Beta KD cells resem-
bled control at 15 h but alpha KD at the 5-h time. Filopodia were eliminated by a
2-h PMA exposure regardless of the KD agent introduced. Control samples re-
mained depressed, but epsilon and alpha KD samples partially recovered by 5
h. Alpha KD declined again dramatically by 15 h. The time courses suggest
that the main effects were exerted by the actin-binding PKC epsilon, but alpha,
which is not actin-binding, could have similar effects. The data suggest that
competitive binding onRACKsmay be occurring, complicating the picture of ki-
nase regulation of adhesion and protrusive activities.
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In Vitro Reconstitution of Remodeling Actin Asters - Steps towards a
Minimal Active Actomyosin Cortex
Darius V. Koester1, Kabir Husain1, Elda Iljazi1, Scott Hansen2,
Dyche R. Mullins3, Madan Rao4, Satyajit Mayor1.
1Cellular Organisation and Signalling, National Centre for Biological
Sciences, Bangalore, India, 2University of California, Berkeley, Berkeley,
CA, USA, 3Department of Cellular and Molecular Pharmacology, University
of California, San Francisco, San Francisco, CA, USA, 4Condensed Matter
Physics, Raman Research Institute, Bangalore, India.
A major aim of our work is to understand the mechanisms behind dynamic or-
ganization of the cellular plasma membrane, especially local heterogeneities
such as nanometer sized lipid domains (Mayor and Rao, 2004). As reported pre-
viously, glycosyl-phosphatidylinositol-anchored protein (GPI-AP) organiza-
tion in nano-clusters in the plasma membrane is driven by the activity of
cortical actin (Goswami et al., 2008).A recent theoretical framework and its
experimental verification suggests that the engagement of short actin filaments
together with myosin-motor like activity at the inner leaflet is sufficient to
explain all the unusual features of GPI-AP organization at the outer leaflet
(Gowrishankar et al., 2012).
Here,we present a strategy to reconstitute cortical actin dynamics in vitroon sup-
ported lipid bi-layers. This allows us to explore the role of proteins thought to be
involved in actin cluster formation and to test predictions of the theoretical
model. In a first step, we investigate how the diffusion of membrane bound actin
binding proteins is affected by actin filaments of varying lengths. Then, we in-
crease the complexity of the system including myosin motors, and actin modi-
fying proteins, and identify conditions under which actin remodeling, i.e.
transient formation of actin asters, occurs. As suggested by observation in cells
and by the theoretical framework, short actin filaments (< 1 mm) are the main
source of fast remodeling events whereas longer filaments create a more static
meshwork, which can confinemembrane bound particles. In summary, we intro-
duce a new kind of minimal dynamic actin cortex, and show how dynamic short
actin filaments can drive the organization of membrane components.
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Role of CARP as a Bio-Mechanosensor
Manuel Chiusa, Lin Zhong, Joe Chen, David Merryman, Chee Lim.
Medicine/Cardiovascular, Vanderbilt University, Nashville, TN, USA.
Cardiomyocyte mechanical stretch induces hypertrophic gene expression,
however, the mechanisms for this are poorly understood. Cardiac ankyrin
repeat protein (CARP) is highly expressed in cardiomyocytes and interacts
with the spring domain of sarcomeric titin and is also localized in the nu-
cleus. This dual localization suggests that CARP may couple titin spring me-
chanics to muscle gene expression. CARP is also expressed in cardiac
fibroblasts (CF) and that CARP interacts with the transcription factor
GATA4. We hypothesize that CARP is a bio-mechanosensor that upon cell
stretch, translocates to the nucleus and interacts with GATA4 to induce
gene expression. Methods: Neonatal Rat Ventricular Myocytes (NRVMs)
and CF were isolated from 1-2 day old rats and cultured on BioFlex plates.
After 2 days, NRVMs were transfected with CARP siRNA (50nM) and/or
a GATA4-luciferase vector. NRVMs and CF were stretched 5-10% for 60
min (S60) to 48hr at 1Hz using the Flexcell system. Cells were fixed or lysedfor microscopy, western blotting, or luciferase assay. Results: Unstretched
NRVMs have predominantly sarcomeric CARP immunostaining with low nu-
clear CARP. CARP translocates to the nucleus with S60 and remains nuclear
up to 48hr stretch. ERK inhibition with U0126 prevented S-60-induced
CARP nuclear translocation. NRVM S60 induced GATA4 phosphorylation
and increased GATA4-luciferase expression, which are both inhibited with
CARP siRNA. NRVM S60 followed by cessation of stretch for 60 min
(SC60) resulted in depletion of nuclear CARP. CF show nuclear CARP,
which becomes cytoplasmic with S60. CF subjected to S60 followed by
SC60 showed re-localization of CARP to the nucleus. Conclusion: We
conclude that CARP is involved in stretch-mediated signaling in cardiac my-
ocytes and fibroblasts. Our data further suggest disparate mechano-sensing
roles for CARP in these cells types.
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Primary Cilia Respond to Uniaxial Strain by Reorienting and Elongating
along the Axis of Stretch
Hiroaki Ishikawa, Wallace F. Marshall.
UC San Francisco, San Francisco, CA, USA.
The primary cilium is a ubiquitous, microtubule-based organelle that protrudes
from the cell surface and acts as the cell’s antenna to sense extracellular signals,
such as growth factors, fluid flow and developmental morphogens. Ciliary de-
fects have been implicated in a diverse spectrum of diseases including retinal
degeneration, polycystic kidney disease, mental retardation, obesity and situs
inversus. In order to sense extracellular signals appropriately, cells must
have primary cilia of certain lengths in each organ or tissue. However, it is un-
clear how cells control ciliary length. We hypothesize that assembly and disas-
sembly of primary cilia are affected by the cellular environment, including
mechanical stress from the substrate and cell shape. Recent studies indicate a
relationship between the dynamics of actin filaments and the length of cilia.
To test whether cell environment is involved in cilia length and orientation,
we investigated the effect of uniaxial strain on cilia in retinal pigment epithelial
(RPE) cells using a polydimethylsiloxane (PDMS) stretching device. After uni-
axial strain, cilia elongated and rotated along the axis of stretch. In addition, we
found that this behavior is dependent on actin network integrity and myosin ac-
tivity. These novel findings propose a potential link between primary cilia
behavior, cellular mechanosensation and actomyosin contractility. This stretch-
ing system can be used for understanding other biological problems related
with mechanical stress, such as organelle size and orientation of cell division.
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Measuring Sub-Cellular Rheology in Zebrafish Embryos
Marco A. Catipovic1, Maria L. Kilfoil2, Josef G. Trapani1,
Ashley R. Carter1.
1Amherst College, Amherst, MA, USA, 2University of Massachusetts,
Amherst, MA, USA.
Cells are more than just bags of chemicals. The cell’s mechanical properties, in
addition to its chemical properties, play a large role in determining its motility,
shape, differentiation, adhesion, and growth. Our goal is to measure these me-
chanical properties of the cell, specifically the frequency-dependent viscoelas-
ticity of the cytoplasm at the sub-cellular level. Measurements on this scale
allow us to link cytoskeletal rearrangements that occur during development
with cellular viscoelastic evolution. Accordingly, we used particle tracking mi-
crorheology in the large (~500-micron-diameter) one-cell zebrafish embryo to
accurately measure these parameters on a sub-cellular scale. In particle tracking
microrheology, the Brownian motion of injected beads is tracked to determine
both the viscous and elastic moduli of the
cytoplasm. We injected fluorescent beads
into the one-cell stage of the zebrafish em-
bryo (see Figure) and assigned the beads to
separate domains based on their radial, axial,
and temporal positions within the cell.
Viscoelastic values measured in each
domain were compared with fluorescent
data of the embryo’s cytoskeleton to assess
the current models of how cytoskeletal vari-
ations affect cellular rheology.863-Pos Board B618
Mapping Internal Stress of in Vitro Cytoskeletal Networks with UV-Laser
Ablation
Martina Lindauer, Jona Kayser, Andreas R. Bausch.
Technische Universita¨t Mu¨nchen, Garching, Germany.
In vitro networks open up the possibility of investigating cytoskeletal compo-
nents individually and in a very controlled environment. The process of
